Although it seems reasonable to suspect that the fluid generating mechanism(s) is associated with electrolyte secretion, there has been little effort to) examine possible relationships between electrolyte secretion rates and fluid generation at resting levels of gland function and during physiological stimulation of the glands.YOSHIMURA et al. 1) have reported on Na+ , K+, Cl-, total CO, and pH in human mixed saliva under resting conditions and during pilocarpine stimulation.Previously, we have reported upon the effects of a. cholinergic blocking agent (atropine) on flow rates and the rates of secretion of a number of inorganic and organic constituents of human parotid saliva2). Tentative conclusions were that at least one component of fluid generation in human parotid gland secretion may be dependent upon sodium secretion, and that this fluid generating component may be controlled, at least partially , by the cholinergic innervation of the gland.
The present study of human parotid secretion was designed to determine whether there are relationships between the rates of secretion of sodium ,.
potassium, and chloride, and the generation of the fluid of secretion and the osmolality of that fluid in the absence of overt extrinsic stimulation, as well as during different physiological levels of stimulation induced by masticatory and gustatory stimuli. METHODS 
AND MATERIALS
Two groups of healthy young adult males served as subjects-Group I, comprised of 513 subjects, was used to determine basal levels and population differences for parotid fluid sodium, potassium and chloride concentrations (hereafter concentration will be denoted by bracketed symbol) and for resting rates of flow in the absence of overt physiological stimulation (i. e. under "resting" conditions in Group IIA and twice (four 10-minute samples) in Group IIB. Prior to each 10-minute test sample collection, the subject collected a 5-minute waste sample (discarded) to allow the gland to accommodate to the new stimulus and to clear the dead space in the collection apparatus.
Sodium, potassium, and chloride were measured on single samples collected during the described sampling periods.
Sodium and potassium were measured by flame photometry4), and chloride determinations were carried out on the chloridometer5). Determinations of osmolality were done by freezing point depression in an Advanced Instruments Osmometer, and specific gravity by a single drop method in the Banco Gradient Balance6).
Total solids were measured by drying overnight to constant weight under low negative pressure.
RESULTS
For all 513 subjects of Group I, the mean for parotid flow rate was 0.027 (S. D.=0.025) ml/min, for sodium 2.61 (S. D.=2.00) mEq/1, and for potassium 36.7 (S. D.=12.5) mEq/1.
Comparable means for serum sodium and potassium were 141.1 (S. D.=4.5) and 4.65 (S. D.=0.32) mEq/1, respectively.
The 513 subjects were divided into six flow rate subgroups extending from a rate of less than 0.011 ml/min to a flow greater than 0.080 ml/min. Sodium and potassium concentrations in both parotid fluid and serum for these groups are presented in TABLE 1. Neither sodium nor potassium in the blood serum was found to be related to parotid flow rate. Parotid fluid sodium means for the subgroups ranged from 2.45 to 2.96 (S. D.=2.43) mEq/1 and did not differ significantly between any of the subgroups.
The between-subjects correlation coefficient for sodium and flow rate was 0.031, this figure not differing significantly from Mean parotid fluid potassium levels ranged from 46.3 mEq/1 for the lowest flow rate subgroup to 25.5 in the fastest flowing subgroup (TABLE 1) . The between-subjects correlation coefficient for these two variables was-0.468 and this figure was significantly different from zero at the 0.01 level. Thus, in this unstimulated state, subjects exhibiting higher levels of gland function as indicated by flow rate demonstrated lower levels of potassium concentration than did the slower-flowing subjects. Effects at the different levels of stimulated secretory activity are presented in TABLE 2 reflecting changes in individual rates of secretion for each ion (flow rate X concentration) and in FIG. 1 which simply reflects the changes in concentration at the different levels of secretion. The rubber band stimulus resulted essentially in a nine-fold increase in flow rate over "resting" levels, a seven-fold increase in [Na+](excepting the first 10-minute sample), and a having of [K+] and [Cl-] (FIG. 1) . Because of the dramatic increase in [Na+] in contrast to actual decreases in [K+] and [Cr-], the minute secretion rate for sodium increased much more than that of potassium or chloride (sixty to seventy-fold vs. five to six-fold) (TABLE  2) . Going from the rubber band stimulus to the lemon drop stimulus caused further increases in flow rate and
[Na+] (FIG. 1) , with minute secretion rates for sodium about seven-hundred times greater than at the resting level (TABLE 2) .
While [Na+] underwent a three-fold increase in going to the lemon drop stimulus, [K+] remained at the rubber band stimulated level; potassium rate of secretion thus simply paralleled the flow rate increase (TABLE 2) . Chloride, after undergoing the decrease in concentration from the resting level during the initial rubber band stimulation, underwent a three-fold concentration increase when going to sour lemon drop stimulation (FIG. 1) . Its relative concentration increase and thus its relative minute secretion rate increase from the rubber band stimulated level, closely paralleled the secretion rate changes Multiple samples were collected on each subject in the order represented by the right to left progression of different levels of stimulation. Each value at each level of gland activity is significantly different (P<.01) from any given value of the same parameter at any other level of gland activity (with the exception of the+and++ [K+] values which are not significantly different). The designations "Band" and "Candy" indicate rubber band stimulated secretion and and sour lemon drop stimulated secretion respectively (the 0,+and++symbols are also used to signify the increasing "Degree of Stimulation" of the gland).
for sodium in going to the highest stimulated level of secretion. Further examination of TABLE 2 and FIG. 1 will reveal that the subjects were rotated through the two types of gland stimulation three different times, and these rotations were run consecutively.
The closeness of the mean values obtained at specific stimulus levels during the described complex rotational procedure are demonstrated in FIG. 1 and provide an indication of the reproduceability of these experiments; also, the striking correlation of [Na+] with the different levels of fluid secretion (flow rates) can be readily observed in the figure and compared to the [K+] and [Cl-] changes in relation to secretion rate. The effects of the two levels of stimulation upon parotid fluid osmolality, specific gravity, and total solids in the fluid are shown in TABLE 3 (Group IIB). The higher level of gland stimulation (Lemon Drop Stimulus) caused essentially a doubling of fluid osmolality as determined by the freezing point depression.
The corresponding changes in specific gravity and per cent solids were consistent with the changes in osmolality.
DISCUSSION
Group I results clearly demonstrate that considerable variation among individuals occurs with respect to parotid flow rate and fluid potassium levels in the "resting" or unstimulated state under a given set of environmental conditions. These findings should be compared to a previous study from these laboratories on the effects of atropine upon parotid flow rate, osmolality, total solids, and rates of secretion of Na, K, and Cl2). Depression of secretion from the resting level by atropine resulted in a parallel depression of the flow rate to the sodium rate of secretion.
In other words [Na+] was not affected by the drug, but the levels of eleven other major constituents (including K+) increased in the fluid. In the present study the different [K+] and steady [ Na+] of Group I subgroups appears to correspond to the findings of the atropine study-that is, an inverse relationship exists between [K+] and rates of saliva flow, but [Na+] remains steady throughout all levels within these low flow rate ranges.
The implications of the data with respect to the question of what "unstimulated" or "resting" secretion actually represents should be discussed . Apparently, minute variations in environment or in the collection procedure itself produces different levels of cholinergic stimulation in time at the so called "resting"
or "unstimulated" level of secretion . The mean parotid flow rate for all 513 subjects of Group I in the present study was .027 ml/min while the mean flow rate for the 300 subjects of the atropine study was 0 .52 ml/min2). (Both studies were done on a homogeneous population of healthy males between 17 and 22 years of age.) The major discernable difference in the procedures was that the sample collection period was 45 minutes in the atropine study2), while in the present study , the samples were collected over 120 minutes.
The obvious inference to be drawn from this is that parotid flow rates tend to decrease with time following placement of the collection device. It seems likely that the actual placement and presence of the collection device probably causes a slight increase in the "resting" flow rate , but its presence in the mouth becomes less of a stimulus with time. Therefore , the overall mean flow rate calculated from the longer 120 minute collection samples of Group I in the present study was the lower value of the two studies.
It can be tentatively concluded that so called "resting" or "unstimulated" saliva flow is simply a minimal level of cholinergically stimulated saliva flow.
The different relationships of the electrolytes to fluid secretion rates at what must now be considered to be minimal levels of stimulation should be compared to relationships of the same electrolytes at the higher physiological levels of stimulation (which would ordinarily be considered to be "stimulated saliva flow). It is evident that the increasing levels of stimulation (rubber band, and sour lemon drop induced) brought about progressively greater effects upon the minute secretion rates for sodium than for potassium or chloride; Na secretion increased 60-70 times over basal levels with rubber band stimulation and more than 700 times with sour lemon drop stimulation, effects much greater than those exhibited by K and Cl (TABLE 2) . These results are quite similar to those reported in mixed human saliva by YOSHIMURA et al.1), and also to results reported for human parotid secretions by THAYSEN et al .7) in which stimulation was provided by acetylcholine hydrochloride administration.
When these results are compared to the atropine study2) discussed above, a pattern becomes evident.
It appears that the "resting" level of secretion is a "balance point" in terms of sodium and water secretion. A parallel depression of the fluid flow rate and the sodium rate of secretion occurs after atropine;
however, the levels of other major constituents became more concentrated in the fluie.
In the different levels of stimulated secretion in the present study, increases in osmolality and total solids were also observed. However, Na secretion rate increased at a much greater rate than the increase in fluid flow rate. Thus, "resting" secretion is a balance point in secretion in terms of maximum water content (or minimum osmolality), and an increase or a decrease in levels of secretion from this point result in an increase in osmolality and total solids however, these increases in osmolality appear to be caused by entirely different secretory phenomena.
In atropine depressed secretion, the increase in osmolality appears to be due to a general concentration of electrolytes and non-electrolytes in the fluid with the exception of sodium (which doesn't change).
On the other hand, during physiologically stimulated secretion, the greatly increasing sodium concentration would appear to be an important contributor to the increasing osmolality. The different patterns of Na, K and Cl secretion considered together with the osmolality of the fluid at the various levels of gland function-from the atropine depressed secretion, to the "resting" levels, to the highest stimulated levels-have implications concerning secretory mechanisms.
Of the three principal osmolytes, the sodium ion is the only one which displays a consistent pattern in terms of going from very low levels of secretion (the lowest of the three ions) at the lowest rates of flow, to very high levels of secretion (the highest of the three) at the highest rates of secretion. Thus, in human parotid secretion, sodium would appear to be the most probable ionic candidate for a causal agent of the fluid secretory process-if the generation of secretory fluid is due to local osmotic effects across secretory cell membrane.
Over the broad range of the low or resting flow rates reported herein, the fact that [Na+] is very low and remains constant while [K+] becomes more concentrated as flow rates decline could be considered to support the concept postulated by THAYSEN et al.7) that the salivary glands produce a primary fluid resembling plasma in electrolyte composition and osmolality, and that reabsorptive processes in the duct system produce the final hypotonic saliva. The recent data from micropuncture and microcannulation studies in the submaxillary8-12) and parotid13) glands of the rat indicate that acinar fluid is indeed isotonic with plasma, and contains plasma-like
[Na+] and [K+] . Declining [Na+] and increasing [K+] have been demonstrated in sequentially more distal ductal elements, and this has been interpreted to be the result of Na reabsorption and K secretion. If Na is reabsorbed in the ducts during human parotid secretion, then from the constant low [Na+] values over the broad range of low flow rates, it would appear that water is reabsorbed also and in a ratio directly proportionate to sodium. This could explain the concentration of K (and perhaps other constituents also2)) in the fluid as flow rates decline.
It should be pointed out that this is just one of several possible explanations, but one which is most consistent with present concepts of secretion. AND I.L. SHANNON SUMMARY Parotid fluid was collected without exogenous stimulation from 513 healthy young male adults, and under rubber band and sour lemon drop stimulation from 271 subjects from the same population . The mean unstimulated parotid flow rate was 0.027 ml/min , the Na concentration mean was 2.61 mEq/1, and that for K was 36.7 mEq/1 .
In six subgroups of the unstimulated subjects , flow rate did not exert a significant effect on Na concentration , but there was a highly significant negative correlation between K concentration and rate of flow; the mean for 
